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(54) FRESH WATER GENERATOR

(57) Disclosed is a fresh water generator for fresh
water production, which is effective to prevent a mem-
brane life from becoming worse by suppressing the load
on the membrane of a second semi-permeable mem-
brane treatment facility (3) when the concentrated water
produced by the treatment of a first semi-permeable
membrane treatment facility (2), and water to be treated
with different osmotic pressure there from are mixed and
treated with the second semi-permeable membrane
treatment facility (3) by the fresh water generator which
comprises a means for storing the concentrated water

produced from the first semi- permeable membrane treat-
ment facility (2) and water (B) to be treated, which is
separately supplied in a storage tank A (7) and a storage
tank B (8) in such a manner that the flow rate (mixture
ratio) of the concentrated water to the water (B) to be
treated is maintained constant, and supplying the con-
centrated water and the water (B) to be treated from each
of the storage tanks to the second semi-permeable mem-
brane treatment facility (3) at a predetermined flow rate
in at least a treatment process for treating water (A) to
be treated with the first semi-permeable membrane treat-
ment facility (2) so as to obtain fresh water.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a fresh water
generator for producing fresh water from multiple types
of raw water by a fresh water production system using a
composite water treatment technology. In more detail,
this invention relates to a fresh water generator allowing
energy-saving and efficient production of fresh water, ap-
plicable as a fresh water generator in the water purifica-
tion field for public water supply and in the industrial fresh
water production field for producing industrial water, food
and medical process water and semiconductor washing
water.

BACKGROUND ART

[0002] In recent years, numerous technologies con-
cerning water have been developed, and among them,
the use of membrane separation methods is widely
spread in various fields owing to such features as energy
saving, space saving, labor saving and higher product
quality.
[0003] The separation membranes used for water
treatment can be classified into two major groups; nano
filtration membranes (NF membranes)/reverse osmosis
membranes (RO membranes) and microfiltration mem-
branes (MF membranes)/ultrafiltration membranes (UF
membranes). The former is used for removing salt, ions,
etc. from seawater and brine water, and on the other
hand, the latter is used in water purification processes
for producing industrial water and tap water from river
water, groundwater and treated-sewage water. Further,
sewage and industrial wastewater which have been treat-
ed by activated sludge methods are now actively treated
by methods called "membrane separation activated
sludge methods (= membrane bioreacters (MBR))" hav-
ing MF membranes/UF membranes directly immersed in
activated sludge tanks.
[0004] In the recent situation where water shortage is
acute and chronic, water treatment methods using these
membranes are further technically developed, and in re-
cent years, numerous fresh water production facilities
employing the technology called the integrated mem-
brane system (IMS) in which fresh water is efficiently pro-
duced by removing organic matter and fine particles in
seawater or brine water using MF membranes/UF mem-
branes or purifying sewage or industrial wastewater by
MBR as pretreatment and subsequently treating with RO
membranes are constructed in the Middle East, Asia and
other regions suffering from water shortage.
[0005] Present systems for producing fresh water from
seawater and brine water include, for example, technol-
ogies in which the pretreatment by sand filtration as a
conventional water purification technology is followed by
the treatment using NF membranes/RO membranes,
and also methods in which the pretreatment of seawater

or brine water using MF membranes/UF membranes is
followed by the treatment using NF membranes/RO
membranes as described before. In these systems, since
the salt of seawater cannot be removed by the pretreat-
ment, the removal of salt entirely relies on the latter treat-
ment using NF membranes/RO membranes. Accordingly
in the membrane treatment method of using NF mem-
branes/RO membranes requiring a supply pressure high-
er than the osmotic pressure, a pump called "booster
pump" must be used for pressurization in order to supply
raw water to NF membranes/RO membranes. That is, if
the salt concentration of the raw water supplied to NF
membranes/RO membranes is higher, the osmotic pres-
sure is higher, and consequently high pressurization by
a booster pump is required to consume much energy for
operating the booster pump.
[0006] In order to solve these problems, membrane
treatment systems in which advanced sewage treatment
and seawater desalination are integrated, described in
non-patent documents 1 and 2, were developed.
[0007] According to these technologies, after sewage
is treated by MBR, RO membranes are used to produce
fresh water. Further, the concentrated water produced
when the RO membrane treatment is performed is mixed
with seawater. Therefore, fresh water can be produced
more efficiently than before, and the salt concentration
in the seawater treated by the RO membranes can be
lowered for allowing the pressurization by the booster
pump to be reduced more than before when the booster
pump is used to operate the RO membrane treatment
used for seawater desalination. Thus, a more energy-
saving system can be realized.
[0008] In these technologies, it is supposed that the
RO membrane-concentrated water produced as a by-
product from the sewage treatment line for treating sew-
age with MBR and RO membranes is joined as it is with
the seawater supplied to a seawater desalination treat-
ment line. Therefore, each of the non-patent documents
1 and 2 shows a treatment flowchart as shown in Fig. 1.
Fig. 1 is a flowchart of the conventional integrated sew-
age treatment-seawater desalination system described
in each of the non-patent documents 1 and 2. In Fig. 1,
water (A) undergoing treatment (sewage) is treated by a
pretreatment apparatus (1) (MBR) to decompose the or-
ganic matter and to separate and remove suspended
components, fine particles, etc., for obtaining treated wa-
ter. Further, the treated water is subjected to RO mem-
brane treatment in a first semipermeable membrane
treatment apparatus (2) (RO membrane treatment appa-
ratus) on the treatment line side for the water (A) under-
going treatment, to obtain produced water (fresh water)
and concentrated water. In the technologies described
in the abovementioned documents, the concentrated wa-
ter obtained here is made to join the treatment line for
water (B) undergoing treatment, and mixed with the water
(B) undergoing treatment (seawater), for decreasing the
osmotic pressure of the water (B) undergoing treatment.
The water (B) undergoing treatment mixed with the con-
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centrated water is subjected to RO membrane treatment
in a second semipermeable membrane treatment appa-
ratus (3) (RO membrane treatment apparatus), to obtain
produced water (fresh water) and concentrated water.
Subsequently the produced water (fresh water) obtained
in the first semipermeable membrane treatment (2) is
joined with that obtained in the second semipermeable
membrane treatment apparatus (3), to be used for any
of various applications as fresh water.
[0009] However, in these technologies, in the case
where the pretreated water obtained by pretreating sew-
age, industrial wastewater or seawater by MF mem-
branes/UF membranes is used as raw water, the amount
of the treated water may change hour by hour or day by
day. In the treatment flow of Fig. 1, the piping (4) of the
concentrated water flowing from the first semipermeable
membrane treatment apparatus (2) is merely connected
with the piping (5) of the water (B) undergoing treatment,
and the flow rate of the concentrated water and the flow
rate of the water (B) undergoing treatment are not con-
trolled. Further, after the concentrated water and the wa-
ter (B) undergoing treatment are joined, there is no
means provided for mixing the two types of water.
[0010] In the conventional treatment flow as described
above, in the case where the aforementioned amount of
the treated water changes, when the RO membrane-con-
centrated water produced as a byproduct from the sew-
age treatment line and seawater are mixed, the mixing
ratio changes to change the water quality such as salt
concentration (osmotic pressure) supplied to the RO
membranes on the seawater treatment line side after
mixing. If the water quality such as salt concentration of
feed water changes, the load acting on the RO mem-
branes becomes large, not allowing stable treatment, and
the life of the membranes is likely to be shortened. Fur-
ther, depending on the specifications of the second sem-
ipermeable membrane treatment apparatus, there is also
a problem that the operation of the second semiper-
meable membrane treatment apparatus (3) must be en-
tirely or partially suspended. Furthermore, in the flow-
chart of each of the non-patent documents 1 and 2, since
no positively mixing means is installed at a position down-
stream of the joint of the two pipings, the mixed water is
not homogeneously mixed, and concentration-polarized
(osmotic pressure-polarized) water is likely to be supplied
to the RO membranes. Also in this case, the load acting
on the RO membranes becomes large, not allowing sta-
ble treatment, and the life of membranes is likely to be
shortened. If the life of membranes becomes short, there
is such a problem that more frequent maintenance and
RO membrane exchange become necessary. Further,
as described above, though depending on the specifica-
tions of the second semipermeable membrane treatment
apparatus (3), there may also be another problem that
the operation of the second semipermeable membrane
treatment apparatus (3) must be entirely or partially
stopped.
[0011] Meanwhile, in a water treatment system in

which raw water is pretreated and supplied to RO mem-
branes, it is for example known that after sand filtration
treatment is performed as pretreatment, the treated water
is stored in a pretreated water tank, and that a supply
pump and a high pressure pump are used to feed the
raw water to RO membranes or that an inverter is used
to control the feed rate of the high pressure pump (patent
document 1).
[0012] Further, in the case where RO membranes are
connected in series to perform seawater desalination, it
is known that when the concentrated water produced by
treating seawater by a first stage of RO membranes is
supplied to a second stage of RO membranes, a valve
for adjusting the flow rate thereof or the operation pres-
sure or a relay water tank is installed (patent document 2).
[0013] Further, in the case where RO membranes are
connected in series as in patent document 2, to perform
seawater desalination, it is known that an RO membrane
module consisting of two RO membrane elements is pro-
vided as a first stage of RO membranes, and that after
the water treated by one of the RO membrane elements
is mixed with that of the other RO membrane element,
the mixed water is supplied to a second stage of RO
membranes, when a flow regulating valve is used for con-
trol (patent document 3).
[0014] These means can be used to adjust the flow
rate of the raw water supplied to the latter stage of RO
membrane treatment.
[0015] However, in a fresh water production system in
which different types of raw water are mixed as described
before, the amount of the raw water supplied from the
previous stage of treatment can change to change or
heterogenize the water quality after mixing. Therefore, it
is difficult to solve the aforementioned problems merely
by regulating the flow rate using a regulating valve or
installing a water tank.

PRIOR ART DOCUMENTS

PATENT DOCUMENTS

[0016]

Patent document 1: JP 9-29252 A
Patent document 2: JP 2006-167533 A
Patent document 3: JP 2004-97911 A

NON-PATENT DOCUMENTS

[0017]

Non-patent document 1: "Kobelco Eco-Solutions
Co., Ltd., et al., "Model Project of Ministry of Econ-
omy, Trade and Industry: Demonstration Experiment
in Shunan City," [online], March 5, 2009, Nihon Sui-
do Shimbun, [retrieved on July 2, 2009], internet http:
//www.suido-gesuido.co.jp/blog/suido/
2009/03/post_2780.ht ml
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Non-patent document 2: "Adoption of ’Findings of
Technical Series Toward Low-Carbon Society - So-
cial System Demonstration Model Project,’" [online],
March 2, 2009, Toray Industries, Inc. Press Release,
[retrieved on July 2, 2009], internet http:
//www.toray.co.jp/news/water/nr090302.html

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0018] The object of this invention is to provide a fresh
water generator for producing fresh water from multiple
types of raw water using a composite water treatment
technology, wherein the concentrated water produced
by treating water (A) undergoing treatment by a first sem-
ipermeable membrane treatment apparatus is mixed with
water (B) undergoing treatment, to be treated by a second
semipermeable membrane treatment apparatus, which
generator is effective for keeping constant the flow rate
ratio (mixing ratio) between the aforementioned concen-
trated water and the aforementioned water (B) undergo-
ing treatment, for keeping low the load acting on the mem-
branes of the aforementioned second semipermeable
membrane treatment apparatus, and for not shortening
the life of the membranes.

MEANS FOR SOLVING THE PROBLEMS

[0019] To solve the aforementioned problems, this in-
vention has the following configurations.
[0020] (1) A fresh water generator provided at least
with a treatment process (A) for producing fresh water
by treating water (A) undergoing treatment by a first sem-
ipermeable membrane treatment apparatus and a treat-
ment process (B) for mixing the concentrated water out-
flowing from the aforementioned first semipermeable
membrane treatment apparatus with separately supplied
water (B) undergoing treatment and treating the mixed
water by a second semipermeable membrane treatment
apparatus, for producing fresh water, wherein a storage
tank (A) and a storage tank (B) are provided respectively
for storing the aforementioned concentrated water out-
flowing from the aforementioned first semipermeable
membrane treatment apparatus and the aforementioned
water (B) undergoing treatment before they are joined;
and means for controlling the flow rates of the aforemen-
tioned concentrated water (A) and the aforementioned
water (B) undergoing treatment supplied from the storage
tanks (A) and (B) are further provided.
[0021] (2) A fresh water generator, according to (1),
wherein the osmotic pressure of the aforementioned wa-
ter (A) undergoing treatment is equal to or lower than the
osmotic pressure of the aforementioned water (B) under-
going treatment.
[0022] (3) A fresh water generator, according to (1) or
(2), wherein a pretreatment apparatus is provided on the
upstream side of the aforementioned storage tank (B).

[0023] (4) A fresh water generator, according to any
one of (1) through (3), wherein a storage tank (C) for
storing the aforementioned concentrated water and the
aforementioned water (B) undergoing treatment is pro-
vided, and a means for controlling the flow rate of the
mixed water supplied from the aforementioned storage
tank (C) to the aforementioned second semipermeable
membrane treatment apparatus is further provided.
[0024] (5) A fresh water generator, according to any
one of (1) through (4), wherein a means for mixing the
aforementioned concentrated water and the aforemen-
tioned water (B) undergoing treatment is provided.
[0025] (6) A fresh water generator, according to any
one of (1) through (5), wherein the osmotic pressure of
the aforementioned concentrated water is equal to or low-
er than the osmotic pressure of the aforementioned water
(B) undergoing treatment.
[0026] (7) A fresh water generator, according to any
one of (1) through (6), wherein one type or more selected
from electromagnetic opening-closing valves capable of
adjusting the openings thereof for flow control, inverter-
controlled opening-closing valves capable of controlling
the openings thereof for flow control, and pumps capable
of inverter-controlling the feed rates thereof for flow con-
trol are respectively provided halfway on the feed pipings
of the aforementioned concentrated water and the afore-
mentioned water (B) undergoing treatment as means for
controlling the feed rates of the concentrated water and
the water (B) undergoing treatment supplied from the
storage tanks (A) and (B).
[0027] (8) A fresh water generator, according to (7),
wherein a pump and/or an opening-closing valve each
is provided halfway on the feed pipings of the aforemen-
tioned concentrated water and the aforementioned water
(B) undergoing treatment.
[0028] (9) A fresh water generator, according to any
one of (5) through (8), wherein one or more selected from
the aforementioned storage tank (C) provided with a stir-
ring means, an intra-pipe stirring device and a stirring
means provided with baffle boards are provided as
means for mixing the aforementioned concentrated wa-
ter and the aforementioned water (B) undergoing treat-
ment.

EFFECTS OF THE INVENTION

[0029] According to this invention, in the case where
the concentrated water of a first semipermeable mem-
brane treatment apparatus and other water (B) undergo-
ing treatment are mixed, the mixed water being treated
by a second semipermeable membrane treatment appa-
ratus in a plant for producing fresh water from multiple
types of raw water using a composite water treatment
technology, the flow rate ratio (mixing ratio) of the con-
centrated water and the water (B) undergoing treatment
can be kept constant, and the variation of the load acting
on the treatment medium (semipermeable membranes)
of the aforementioned second semipermeable treatment
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apparatus can be decreased, while the life of the mem-
branes can be prevented from being shortened.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030]

[Fig. 1] is a flowchart showing a conventional inte-
grated sewage treatment-seawater desalination
system.
[Fig. 2] is a flowchart showing an embodiment of the
fresh water production system of this invention.
[Fig. 3] is a flowchart showing another embodiment
of the fresh water production system of this invention.
[Fig. 4] is a flowchart showing a further other embod-
iment of the fresh water production system of this
invention.
[Fig. 5] is a flowchart showing a further other embod-
iment of the fresh water production system of this
invention.
[Fig. 6] is a flowchart showing a further other embod-
iment of the fresh water production system of this
invention.
[Fig. 7] is a flowchart showing a further other embod-
iment of the fresh water production system of this
invention.
[Fig. 8] is a flowchart showing a further other embod-
iment of the fresh water production system of this
invention.

MODES FOR CARRYING OUT THE INVENTION

[0031] Desirable modes for carrying out this invention
are explained below in reference to drawings, though the
scope of this invention is not limited thereto or thereby.
[0032] One of the conventional fresh water production
systems for producing fresh water from multiple types of
raw water is the integrated sewage treatment-seawater
desalination system shown in the flowchart of Fig 1 (non-
patent documents 1 and 2). In the conventional fresh
water production system, if any problem should occur in
the whole or part of the first semipermeable membrane
treatment apparatus (2) or if the apparatus is partially
suspended for the necessity of chemical washing, result-
ing in insufficient semipermeable membrane treatment,
the feed rate of the concentrated water decreases. As a
result, the osmotic pressure of the mixed water increas-
es, and accordingly the energy for the operation of the
second semipermeable membrane treatment apparatus
(3) becomes higher than an ordinary level, making the
low energy operation of the integrated sewage treatment-
seawater desalination system difficult, though the low en-
ergy operation is an advantage of the system. Further,
in the case where mixed water with a high osmotic pres-
sure is treated in the second semipermeable membrane
treatment apparatus (3), the feed pressure to the treat-
ment medium (semipermeable membranes) in the sec-
ond semipermeable membrane treatment apparatus (3)

becomes high. Consequently a load acts on the treat-
ment medium (semipermeable membranes) in the sec-
ond semipermeable membrane treatment apparatus (3),
and the life of the treatment medium becomes shorter
than usual, to pose a problem that more frequent main-
tenance and exchange of treatment membranes become
necessary. Further, depending on the specifications of
the second semipermeable membrane treatment appa-
ratus, there is also a problem that the operation of the
second semipermeable membrane treatment apparatus
(3) must be entirely or partially stopped.
[0033] Further, there is also a case where the flow rate
of the water (A) undergoing treatment varies like sewage,
industrial wastewater, etc. In the case where the flow rate
of the water (A) undergoing treatment increases, if the
flow rate is more than the flow rate that can be treated
by the first semipermeable membrane treatment appa-
ratus (2), a portion of the water (A) undergoing treatment
cannot be treated. On the other hand, if the increase of
the water (A) undergoing treatment is within the range
that can be treated by the first semipermeable membrane
treatment apparatus (2), it seems to be advantageous
since the increase in the flow rate of the concentrated
water outflowing from the first semipermeable membrane
treatment apparatus (2) can lower the osmotic pressure
of the mixed water obtained by mixing the concentrated
water with the water (B) undergoing treatment. However,
on the other hand, the impurities derived from the water
(A) undergoing treatment are likely to clog the treatment
medium (semipermeable membranes) in the second
semipermeable membrane treatment apparatus (3).
Consequently the life of the treatment medium becomes
shorter than usual, to pose a problem that more frequent
maintenance and exchange of the treatment medium be-
come necessary. On the contrary, in the case where the
flow rate of the water (A) undergoing treatment decreas-
es, the flow rate of the concentrated water outflowing
from the first semipermeable membrane treatment ap-
paratus (2) deceases to prevent the stable treatment of
the first semipermeable membrane treatment apparatus
(2). At the same time, the osmotic pressure of the mixed
water obtained by mixing the concentrated water and the
water (B) undergoing treatment cannot be decreased to
require more energy than usual for operating the second
semipermeable membrane treatment apparatus (3),
making the low energy operation of the integrated sew-
age treatment-seawater desalination system difficult,
though the low energy operation is an advantage of the
system, to pose a problem that both or either of the treat-
ment apparatuses must be stopped entirely or partially.
[0034] Consequently the present inventors devise the
fresh water generator as shown in Figs. 2 to 8.
[0035] Fig. 2 shows an embodiment comprising a stor-
age tank (A)(7) and a storage tank (B)(8) provided for
storing the concentrated water outflowing from the first
semipermeable membrane treatment apparatus (2) and
the water (B) undergoing treatment respectively before
they are joined, and means (10) to (13) provided for con-
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trolling the flow rates and flow rate ratio of the concen-
trated water and the water (B) undergoing treatment sup-
plied from the storage tanks (A) and (B).
[0036] Fig. 3 shows an embodiment wherein the water
(B) undergoing treatment is the water produced by treat-
ment in a pretreatment apparatus (14) and is stored in
the storage tank (B)(8), being supplied to the juncture
with the concentrated water.
[0037] Fig. 4 shows an embodiment comprising a pip-
ing (15) capable of discharging the water (B) undergoing
treatment stored in the storage tank (B) (8) from the stor-
age tank, wherein the water (B) undergoing treatment
discharged via the piping (15) is used for washing the
pretreatment apparatus (14).
[0038] Fig. 5 shows an embodiment comprising a stor-
age tank (C)(18) and a mixed water supply means (20)
and a mixed water flow meter (21) as means for control-
ling the flow rate of the mixed water supplied from the
storage tank (C)(18).
[0039] Fig. 6 shows an embodiment comprising a stir-
ring means (22) installed in the storage tank (C)(18) as
a means for mixing the concentrated water and the water
(B) undergoing treatment.
[0040] Fig. 7 shows an embodiment comprising an in-
tra-pipe stirring device (23) installed as a means for mix-
ing the concentrated water and the water (B) undergoing
treatment.
[0041] Fig. 8 shows an embodiment comprising baffle
boards (24) installed as a means for mixing the concen-
trated water and the water (B) undergoing treatment.
[0042] In Fig. 2, the water (A) undergoing treatment is
supplied to the first semipermeable membrane treatment
apparatus (2), to be subjected to a treatment process
(A), for obtaining fresh water and concentrated water.
The outflowing concentrated water passes through a
concentrated water piping (4) and is once stored in the
storage tank (A) (7). The concentrated water stored in
the storage tank (A) (7) flows through a concentrated
water supply piping (9), to reach the juncture with the
below-mentioned water (B) undergoing treatment. On
the other hand, the water (B) undergoing treatment is
once stored in the storage tank (B)(8). The stored water
(B) undergoing treatment flows through a water (B) un-
dergoing treatment supply piping (5), to reach the above-
mentioned juncture with the concentrated water.
[0043] The concentrated water and the water (B) un-
dergoing treatment flowing through the respective supply
pipings are mixed at the juncture, and the mixed water
is then treated in the second semipermeable treatment
apparatus (3), to obtain fresh water and concentrated
water. The fresh water is discharged from the system as
fresh water together with the fresh water from the first
semipermeable membrane treatment apparatus (2). The
concentrated water is discharged from the system
through a second concentrated water piping (6).
[0044] In this invention, the storage tank (A) (7) and
the storage tank (B)(8) are provided for storing the con-
centrated water and the water (B) undergoing treatment

respectively before they are mixed, and means for con-
trolling the flow rates of the concentrated water and the
water (B) undergoing treatment respectively supplied
from the storage tank (A)(7) and the storage tank (B)(8)
are further provided halfway in the concentrated water
supply piping (9) and the water (B) undergoing treatment
supply piping (5). Therefore, even in the case where the
feed rates of the respective types of raw water (water (A)
undergoing treatment and water (B) undergoing treat-
ment) change greatly, the mixed water consisting of the
concentrated water and the water (B) undergoing treat-
ment can be always controlled at a constant flow rate,
and further the flow ratio of both the types of water can
be also always controlled at a constant ratio (mixing ra-
tio), when the mixed water is supplied to the second sem-
ipermeable membrane treatment apparatus (3). Conse-
quently the second semipermeable membrane treatment
apparatus (3) can be operated at a low load stably. Fur-
ther, the respective flow rates can be controlled in refer-
ence to the concentrated water flow meter (11) and the
water (B) undergoing treatment flow meter (13).
[0045] The storage tanks (A) and (B) installed in this
invention are only required to respond to the qualities
and quantities of the respective types of water stored
therein. Further, though not shown in the drawings, an
overflow piping to allow overflow draining when the water
quantity exceeds a predetermined level can also be in-
stalled for each of the storage tanks.
[0046] In this fresh water production system, in order
not to cause any inconvenience even if the concentrated
water is mixed with the water (B) undergoing treatment,
it is preferred that the osmotic pressure of the concen-
trated water obtained by the first semipermeable mem-
brane treatment apparatus (2) is equal to or lower than
the osmotic pressure of the water (B) undergoing treat-
ment, and even after the concentrated water is mixed
with the water (B) undergoing treatment, it is preferred
that the osmotic pressure of the mixed water is equal to
or lower than the osmotic pressure of the water (B) un-
dergoing treatment. Therefore, it is preferred that the os-
motic pressure of the water (A) undergoing treatment as
the raw water of the concentrated water is also equal to
or lower than the osmotic pressure of the water (B) un-
dergoing treatment.
[0047] In order to establish the osmotic pressure rela-
tionship as described above, it is only required to use
raw water with a low osmotic pressure as the water (A)
undergoing treatment and raw water with a high osmotic
pressure as the water (B) undergoing treatment. It is pre-
ferred to use water with a low salt concentration as the
raw water with a low osmotic pressure and water with a
high salt concentration as the raw water with a high os-
motic pressure. The water with a low salt concentration
can be, generally, sewage, industrial wastewater, river
water or the water obtained by pretreating any of the fore-
going types of water. Further, the water with a high salt
concentration can be, generally, seawater, salt lake wa-
ter, brine water or the water obtained by pretreating any
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of the foregoing types of water.
[0048] Especially in the case where water containing
much impurities such as sewage or industrial wastewater
is used as raw water, it is preferred to use the pretreated
water obtained by removing the impurities by a pretreat-
ment apparatus as the water (A) undergoing treatment
or as the water (B) undergoing treatment. The pretreat-
ment apparatuses that can be used here include an ac-
tivated sludge treatment apparatus, two-stage treatment
apparatus consisting of activated sludge and MF/UF
membranes or sand filtration, MBR apparatus, MF/UF
membrane filtration treatment apparatus, sand filtration
treatment apparatus, etc.
[0049] Further, in order to efficiently operate the
abovementioned pretreatment apparatus, a coagulating
agent, pH regulator and oxidizing agent such as sodium
hypochlorite can also be added. Furthermore, in the case
where membranes are used in the pretreatment appara-
tus, the membranes used are not especially limited ei-
ther. Flat membranes, hollow fiber membranes, tubular
membranes and membranes of any other forms can also
be used as appropriate. The material of the membranes
is not specially limited, but it is preferred that the material
includes at least one selected from the group consisting
of polyacrylonitrile, polyphenylenesulfone, polyphenyle-
nesulfidesulfone, polyvinylidene fluoride, polypropylene,
polyethylene, polysulfone, polyvinyl alcohol, cellulose
acetate and inorganic materials such as ceramic.
[0050] If types of raw water are combined to ensure
that the osmotic pressure of the aforementioned concen-
trated water may become equal to or lower than the os-
motic pressure of the aforementioned water (B) under-
going treatment as described above, mixing the concen-
trated water allows the osmotic pressure of the water (B)
undergoing treatment to decline. Therefore, the pressur-
ization level of the mixed water supplied to the second
semipermeable membrane treatment apparatus (3) can
be kept low, and the energy can be lowered compared
with the energy required when the water (B) undergoing
treatment is treated alone in the second semipermeable
membrane treatment apparatus.
[0051] The necessity of storing the concentrated water
and the water (B) undergoing treatment in the storage
tank (A)(7) and the storage tank (B)(8) respectively and
further installing the means for controlling the flow rates
of the concentrated water and the water (B) undergoing
treatment supplied from the storage tank (A)(7) and the
storage tank (B) (8) respectively halfway in the concen-
trated water supply piping (9) and the water (B) under-
going treatment supply piping (5) is described below in
reference to examples.
[0052] In the case where any problem occurs in the
whole or part of the first semipermeable membrane treat-
ment apparatus (2) or in the case where a part of the
apparatus stops to make the semipermeable membrane
treatment insufficient owing to the necessity of chemical
washing, the feed rate of the concentrated water joining
the water (B) undergoing processing decreases. In this

case, in order to maintain the mixing ratio between the
concentrated water and the water (B) undergoing treat-
ment, the feed rate of the mixed water to the second
semipermeable membrane treatment apparatus (3) must
be decreased to inevitably lower the production amount
of fresh water by the second semipermeable membrane
treatment apparatus (3) disadvantageously. However, in
this invention, the concentrated water is stored in the
storage tank (A) (7), and the means for controlling the
flow rate (the concentrated water supply means (10) and
the concentrated water flow meter (11)) are provided to
allow the concentrated water to be supplied always with-
out changing the flow rate. Further, in the case where
the water (B) undergoing treatment is stored in the stor-
age tank (B) (8), even if the water level of the concen-
trated water in the storage tank (A)(7) declines making
it necessary to decrease the feed rate of the concentrated
water, the means for controlling the flow rate of the water
(B) undergoing treatment (the water (B) undergoing treat-
ment supply means (12) and the water (B) undergoing
treatment flow meter (13)) can be adjusted to allow the
water (B) undergoing treatment to be supplied at a certain
flow rate, further at a constant flow rate ratio (mixing ra-
tio), i.e., to allow a constant osmotic pressure to be set.
Thus, the second semipermeable membrane treatment
apparatus (3) can be operated at low energy stably.
[0053] Further, if the flow rate of the water (A) under-
going treatment changes like sewage, industrial waste-
water or the like, the flow rate of the concentrated water
outflowing from the first semipermeable membrane treat-
ment apparatus (2) also changes. In this case, if the con-
centrated water to the juncture with the water (B) under-
going treatment is supplied by using only the means for
controlling the flow rate (the concentrated water supply
means (10) and the concentrated water flow meter (11)),
there occurs a disadvantage that in the case where the
flow rate of the outflowing concentrated water is larger
than the required feed rate, the concentrated water must
be discharged outside the system. However, in this in-
vention, the concentrated water is stored in the storage
tank (A)(7), and the means for controlling the flow rate
(the concentrated water supply means (10) and the con-
centrated water flow meter (11)) are provided. Therefore,
the excessive portion of the concentrated water can be
once stored in the storage tank (A)(7), and further the
concentrated water can be supplied always without
changing the flow rate by using the means for controlling
the flow rate (the concentrated water supply means (10)
and the concentrated water flow meter (11)). Further-
more, in the case where the water (B) undergoing treat-
ment is stored in the storage tank (B)(8), even if the feed
rate of the concentrated water must be inevitably tempo-
rarily changed, the means for controlling the flow rate of
the water (B) undergoing treatment (the water (B) under-
going treatment supply means (12) and the water (B)
undergoing treatment flow meter (13)) can be adjusted
to keep a constant flow ratio (mixing ratio), i.e., to set a
constant osmotic pressure. Thus, the second semiper-
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meable membrane treatment apparatus (3) can be op-
erated at low energy stably.
[0054] Further, in the case where the water quality of
the water (A) undergoing treatment is worsened tempo-
rarily, the water quality of the concentrated water of the
first semipermeable membrane treatment apparatus (2),
obtained by treating the water (A) undergoing treatment,
is also temporarily worsened. In the case where the con-
centrated water, the water quality of which is temporarily
worsened, is mixed with the water (B) undergoing treat-
ment and where the mixed water is treated by the second
semipermeable membrane treatment apparatus (3),
even if the mixing ratio is the same as usual, the treatment
medium (semipermeable membranes) in the second
semipermeable membrane treatment apparatus (3) is
likely to be clogged by the impurities derived from the
water (A) undergoing treatment, causing the life of the
treatment medium to be shortened, resulting in a disad-
vantage that more frequent maintenance and exchange
of the treatment medium become necessary. With regard
to the worsening of water quality, even in the case where
the installation of the storage tank is reversed, that is,
even in the case where the storage tank (A)(7) and the
means for controlling the flow rate (the concentrated wa-
ter supply means (10) and the concentrated water flow
meter (11)) are used for supplying the concentrated wa-
ter, while the means for controlling the flow rate (the water
(B) undergoing treatment supply means (12) and the wa-
ter (B) undergoing treatment flow meter (13)) only are
used for supplying the water (B) undergoing treatment,
the same disadvantage as described above occurs. How-
ever, if both the concentrated water and the water (B)
undergoing treatment are once stored in the storage tank
(A) (7) and the storage tank (B) (8), the temporary wors-
ening of water quality as described before can be de-
creased (leveled), and the influence on the flow rate ratio
(mixing ratio) between the concentrated water and the
water (B) undergoing treatment can be minimized.
[0055] Further, if the water (B) undergoing treatment
is the water pretreated by the pretreatment apparatus·
(14) as shown in Fig. 3, storing the water (B) undergoing
treatment in the storage tank (B)(8) is a preferred mode
in view of reducing the initial cost for installing storage
tanks. However, once storing in a storage tank different
from the storage tank (B)(8) and then in the storage tank
(B)(8) is also acceptable. Further, multiple storage tanks
can also be installed between the pretreatment appara-
tus (14) and the storage tank (B) (8).
[0056] In the case where a piping (15) for discharging
the water (B) undergoing treatment outside a tank is pro-
vided for the storage tank (B)(8) and/or to a storage tank
different from the storage tank (B)(8) (Fig. 4), the water
(B) undergoing treatment discharged from the tank can
be used as water for periodically washing the first sem-
ipermeable membrane treatment apparatus (2), the sec-
ond semipermeable membrane treatment apparatus (3)
and the pretreatment apparatus (14), water for the plant,
agricultural water or water for any of other various appli-

cations, and the application of the water is not especially
limited.
[0057] In the case where the water (B) undergoing
treatment produced in the pretreatment apparatus (14)
in a preferred mode is stored in the storage tank (B)(8),
the water level of the storage tank (B)(8) may temporarily
change, since the water (B) undergoing treatment is, for
example, periodically used for washing the pretreatment
apparatus (14), and it can be supposed that the flow rate
of the water (B) undergoing treatment supplied to the
juncture with the concentrated water also changes tem-
porarily. In this case, if the storage tank (A) (7) for storing
the concentrated water is not provided and the flow rate
of the concentrated water outflowing from the first sem-
ipermeable membrane treatment apparatus (2) is larger
than the feed rate of the water (B) undergoing treatment,
it is necessary to install a branch pipe halfway in the con-
centrated water piping (4), for discharging the concen-
trated water outside the system. Further, it is also nec-
essary to control the flow rate for discharging the con-
centrated water. Otherwise, it can also be considered
that the whole or a part of the first semipermeable mem-
brane treatment apparatus must be stopped. However,
if the concentrated water is stored in the storage tank (A)
(7) and the means for controlling the flow rate of the con-
centrated water (the concentrated water supply means
(10) and the concentrated water flow meter (11)) are pro-
vided, the feed rate of the concentrated water can be
changed in response to the change of the flow rate of the
water (B) undergoing treatment, and the flow rate ratio
(mixing ratio) between the concentrated water and the
water (B) undergoing treatment can be kept constant.
[0058] Further, in the case where the water (B) under-
going treatment does not change in flow rate but tempo-
rarily changes in water quality, it is necessary to change
the feed rate of the concentrated water in order to keep
the water quality of the mixed water consisting of the
water (B) undergoing treatment and the concentrated wa-
ter as usual. However, unless the concentrated water
can be stored in the storage tank (A) (7), there is a dis-
advantage that the feed rate of the concentrated water
cannot be temporarily changed. However, in this inven-
tion, the concentrated water is stored in the storage tank
(A)(7) and the means for controlling the flow rate of the
concentrated water (the concentrated water supply
means (10) and the concentrated water flow meter (11))
are provided. Therefore, even in the case where the water
(B) undergoing treatment, the water quality of which tem-
porarily changes, is supplied from the storage tank (B)
(8) to the juncture with the concentrated water, the feed
rate of the concentrated water can be changed to make
the water quality of the mixed water have an adequate
level.
[0059] On the other hand, in the case where the water
(B) undergoing treatment obtained from the pretreatment
apparatus (14) is once stored in a storage tank different
from the storage tank (B) (8), if the water (B) undergoing
treatment is once stored in the storage tank different from
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the storage tank (B) (8) and subsequently stored in the
storage tank (B) (8), the influence of the temporary
change in the flow rate or in the water quality (osmotic
pressure) of the water (B) undergoing treatment can be
reduced (leveled) on the feed side of the water (B) un-
dergoing treatment, and the flow rate ratio (mixing ratio)
between the water (B) undergoing treatment and the con-
centrated water can be kept constant.
[0060] In this connection, in the case where the water
level in the storage tank different from the storage tank
(B) (8) temporarily changes since the water (B) under-
going treatment (B) in the storage tank different from the
storage tank (B) (8) is used, for example, for periodically
washing the pretreatment apparatus (14), the feed rate
of the water (B) undergoing treatment to the storage tank
(B) (8) changes, but since the water (B) undergoing treat-
ment is stored in the storage tank (B) (8), the feed rate
required for mixing with the concentrated water does not
change, and further the concentrated water is stored in
the storage tank (A)(7) and can be supplied always at a
constant rate. Therefore, the concentrated water and the
water (B) undergoing treatment can keep a constant flow
rate ratio (mixing ratio).
[0061] That is, unless both the storage tank on the con-
centrated water side and the storage tank on the water
(B) undergoing treatment side are provided, in the case
where the feed rate or water quality of water on either
side changes, it can happen that the mixing ratio of the
mixed water cannot be kept constant, or in the case
where water quality changes even if the osmotic pressure
of the mixed water remains constant, the flow rates and
the flow rate ratio (mixing ratio) of the source water
streams of the mixed water supplied to the second sem-
ipermeable membrane treatment apparatus (3) cannot
be kept constant, resulting in a disadvantage that stable
operation becomes difficult. However, in the fresh water
generator of this invention, the feed rate of the other
source water stream of the mixed water can be flexibly
changed, and the disadvantage as described above can
be overcome.
[0062] As the concentrated water supply means (10)
and the water (B) undergoing treatment supply means
(12) provided respectively in the pipings (9) and (5) for
discharging the concentrated water from the storage tank
(A) (7) and the water (B) undergoing treatment from the
storage tank (B) (8), any desired flow rate control means
can be employed. For example, electromagnetically
opening-closing valves capable of adjusting the open-
ings thereof for flow rate control, inverter-controlled open-
ing-closing valves capable of adjusting the openings
thereof for flow rate control, or pumps capable of inverter-
controlling the feed rates thereof for flow rate control can
be installed. As each electromagnetic opening-closing
valve or inverter-controlled opening-closing valve, a but-
ter fly valve, cone valve, ball valve, sleeve valve, multi-
hole variable orifice valve, etc. can be preferably used.
On the other hand, the inverter-controlled pump is not
especially limited in type, and any of a centrifugal pump,

mixed flow pump and axial flow pump can be preferably
used. Moreover, the flow rate by a pump can be controlled
by deciding the number of pumps operated or setting a
rotational speed of a pump at a predetermined level.
[0063] In the case where a means poor in water feed
function such as an electromagnetic opening-closing
valve or inverter-controlled opening-closing valve is used
as a flow rate control means, it is preferred to install a
pump for supplementally controlling the water stream in
the piping in order to secure a specified flow rate. Further,
in the case where an inverter-controlled pump is installed
as a flow rate control means, it is preferred to install an
opening-closing valve together.
[0064] In order to know the flow rates of the concen-
trated water and the water (B) undergoing treatment con-
trolled by these flow rate control means, the flow meters
(11) and (13) are installed near those flow rate control
means on the upstream side or the downstream side, to
monitor the flow rates, and the abovementioned flow rate
control means are controlled to achieve predetermined
flow rates. As the flow meters used here, any flow meters
such as electromagnetic flow meters, ultrasonic flow me-
ters, differential pressure flow meters and area flow me-
ters can be preferably used.
[0065] Further, as the method for joining the concen-
trated water and the water (B) undergoing treatment, the
method of once storing in the storage tank (C) (18) as
show in Fig. 5 is preferred to the method of joining in the
supply pipings of the concentrated water and the water
(B) undergoing treatment as shown in Fig. 2. In the case
where the concentrated water and the water (B) under-
going treatment are mixed in the storage tank (C) (18),
even if either the concentrated water supply means (10)
or the water (B) undergoing treatment supply means (12)
becomes defective, not allowing the flow rate of the con-
centrated water or the water (B) undergoing treatment to
be adjusted, the concentrated water and the water (B)
undergoing treatment can be temporarily retained in the
storage tank (C) (18) and respectively mixed, to provide
an advantage that the mixing ratio of the concentrated
water and the water (B) undergoing treatment can be
kept constant. Further, if a mixed water supply means
(20) for supplying the mixed water of the storage tank
(C) (18) to the second semipermeable membrane treat-
ment apparatus (3) is installed together, the flow rate of
the mixed water supplied to the second semipermeable
membrane treatment apparatus (3) can be controlled to
be constant.
[0066] Further, for example, in the case where the wa-
ter quality of the water (A) undergoing treatment tempo-
rarily changes, the water quality of the concentrated wa-
ter of the first semipermeable membrane treatment ap-
paratus (2) for treating the water derived from the water
(A) undergoing treatment also temporarily changes.
However, since the storage tank (C) (18) is installed, the
influence on the concentrated water decreased (leveled)
by the aforementioned storage tank (A) (7) is further de-
creased (leveled) by the storage tank (C) (18), and there-
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fore the influence on the flow rate ratio (mixing ratio) be-
tween the concentrated water and the water (B) under-
going treatment can also be decreased. The same ap-
plies also in the case where the water (B) undergoing
treatment temporarily changes in water quality on the
contrary, and the influence on the water (B) undergoing
treatment decreased (leveled) by the storage tank (B) (8)
is further decreased (leveled) by the storage tank (C)
(18), and therefore the influence on the flow rate ratio
(mixing ratio) between the water (B) undergoing treat-
ment and the concentrated water can also be decreased.
[0067] In this case, the storage tank (C) (18) is only
required to be an adequate water tank responding to the
water quality and amount of the stored water. Further,
though not shown in the drawing, an overflow piping for
allowing overflow draining when the water amount ex-
ceeds a predetermined level may also be installed.
[0068] As the mixed water supply means (20) provided
in the piping (19) for discharging the mixed water from
the storage tank (C) (18), any desired flow control means
can be employed like the concentrated water supply
means (10) and the water (B) undergoing treatment sup-
ply means (12). Further, in order to measure the flow rate
of the mixed water controlled by the mixed water supply
means (20), a flow meter (21) is installed on the side
downstream or upstream of the mixed water supply
means (20), to monitor the flow rate, for controlling the
abovementioned mixed water supply means (20), to
achieve a predetermined flow rate. As the flow meter
used here, any flow meter such as an electromagnetic
flow meter, ultrasonic flow meter, differential pressure
flow meter and area flow meter can be preferably used.
[0069] Further, in Figs. 6 to 8, a mixing means for pos-
itively mixing the concentrated water and the water (B)
undergoing treatment is provided. Examples of the mix-
ing means include a stirring means installed in the stor-
age tank (C) (18) (Fig. 6), an intra-pipe stirring device
(Fig. 7) and a stirring means provided with baffle plates
(Fig. 8), and any of them can be preferably installed. Fur-
thermore, different mixing means can also be used to-
gether. In the case where a mixing means for positively
mixing the concentrated water and the water (B) under-
going treatment is installed as shown in Figs. 6 to 8, more
effective mixing than the mixing by mere retention in the
storage tank (C) (18) can be achieved, and the mixing
ratio between the concentrated water and the water (B)
undergoing treatment in the mixed water fed to the sec-
ond semipermeable membrane treatment apparatus (3)
can be always kept constant.
[0070] In the mixing means shown in Fig. 6, the stirring
means (22) provided in the storage tank (C)(18) can be
any means such as stirring using a pump, stirring by the
circulation stream formed by feeding air bubbles from
below the storage tank, stirring by a propeller or blade
disc turbine or curved blades.
[0071] The intra-pipe stirring device (23) shown in Fig.
7 has a function of mixing and stirring the fluid in the
piping by the flow of the fluid and can also be called an

intra-pipe mixing device or line mixer. It is installed in a
pipe when used. That is, it is a mixing and stirring device
having mixing elements such as dividing plates or dis-
placing plates in a piping, to continuously divide and re-
verse the stream, thereby causing mixing and stirring.
[0072] Further, the baffle boards (24) shown in fig. 8
are used to form a vertically alternately turning stream,
horizontally alternately turning stream or combined
stream. The stirring using the baffle boards (24) is caused
by using the energy of the water stream per se, and there-
fore if the flow rate is small, the stirring is extremely in-
sufficient. For this reason, in the case where this method
is used for stirring, it is preferred that the flow rate is
maintained in a predetermined flow rate range. Further,
in the case where this method is used under such a con-
dition that the flow rate can change, it is preferred that
the size and number of baffle boards (24) can be changed
so that a certain level of stirring can be maintained even
if the flow rate changes.
[0073] In Fig. 7 or 8, the concentrated water and the
water (B) undergoing treatment are positively mixed by
the intra-pipe stirring device (23) or the baffle boards (24)
and the mixed water is directly supplied to the second
semipermeable membrane treatment apparatus (3).
However, a more preferred mode is that the mixed water
obtained by mixing using the intra-pipe stirring device
(23) or the baffle boards (24) is once stored in the storage
tank (C) (18) and is then supplied to the second semi-
permeable membrane treatment apparatus (3) by the
mixed water supply means (20), since the flow rate of
the water supplied to the second semipermeable mem-
brane treatment apparatus (3) can be always kept con-
stant.
[0074] At the juncture at which the concentrated water
supply piping (9) and the water (B) undergoing treatment
supply piping (5) join, the respective source water
streams are controlled to ensure that the ratio of water
feed rates may become a predetermined level. The water
feed rate ratio can be controlled by controlling to ensure
that the feed rates of the respective source water streams
may become predetermined levels.
[0075] The concentrated water and the water (B) un-
dergoing treatment, the flow rates and the flow rate ratio
of which are controlled as described above, are joined
and subsequently homogenized to have a uniform os-
motic pressure, and the mixed water is supplied into the
second semipermeable membrane treatment apparatus
(3) at a constant flow rate, to be treated and separated
into fresh water and concentrated water.
[0076] The first semipermeable membrane treatment
apparatus (2) for treating the water (A) undergoing treat-
ment and the second semipermeable membrane treat-
ment apparatus (3) for treating the mixed water consist-
ing of the concentrated water and the water (B) under-
going treatment are explained below. A semipermeable
membrane refers to a membrane not allowing the per-
meation of some components of the water undergoing
treatment, and can be, for example, a semipermeable
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membrane that allows the permeation of a solvent and
does not allow the permeation of solutes, being also
called a reverse osmosis membrane. Examples of the
semipermeable membranes used in water treatment
technology include NF membranes and RO membranes.
NF membranes and RO membranes are required to have
such performance that the solutes contained in the water
undergoing treatment can be decreased to such a con-
centration as to allow the remaining water to be used as
regenerated water. Specifically the membranes are re-
quested to have such performance as to block various
ions of salts, mineral components, etc., for example, di-
valent ions such as calcium ions, magnesium ions and
sulfate ions, monovalent ions such as sodium ions, po-
tassium ions and chlorine ions, and dissolvable organic
substances such as humic acid (molecular weight Mw ≥
100,000), fulvic acid (molecular weight Mw = 100 to
1,000), alcohols, ethers and saccharides. An NF mem-
brane is defined as a reverse osmosis membrane having
an operation pressure of 1.5 MPa or less, a fractional
molecular weight of 200 to 1,000 and a sodium chloride
blocking rate of 90% or less, and a membrane that has
a fractional molecular weight smaller than said range and
a blocking rate higher than said range is called an RO
membrane. Further, an RO membrane close to an NF
membrane is also called a loose RO membrane.
[0077] NF membranes and RO membranes are avail-
able as hollow fiber membranes and flat membranes in
view of form, and both the forms can be applied in this
invention. Further, to facilitate handling, a fluid separation
element with hollow fiber membranes or flat membranes
accommodated in a housing can also be used. With re-
gard to the fluid separation element, in the case where
flat NF membranes or flat RO membranes are used, for
example, preferred is a structure in which a membrane
unit containing NF membranes or RO membranes, a per-
meating water channel material such as tricot and a feed
water channel material such as a plastic net, which is
wound around a cylindrical central pipe having numerous
holes therethrough, is accommodated in a cylindrical
housing. A separation membrane module in which mul-
tiple fluid separation elements, each as described above,
are connected in series or in parallel to each other, is
also preferred. In the fluid separation membrane, feed
water is supplied from one end into the unit, and the per-
meating water that permeates the NF membranes or RO
membranes before the feed water reaches the other end
flows into the central pipe, being discharged from the
central pipe at the other end. On the other hand, the feed
water that does not permeate the NF membranes or RO
membranes is discharged as concentrated water at the
other end.
[0078] As the material of the NF membranes or RO
membranes, cellulose acetate or a polymer material such
as cellulose-based polymer, polyamide or vinyl polymer
can be used. A typical NF membrane/RO membrane can
be a cellulose acetate-based or polyamide-based asym-
metric membrane or a composite membrane having a

polyamide-based or polyurea-based active layer.

INDUSTRIAL APPLICABILITY

[0079] This invention can be suitably applied to a com-
posite fresh water production system for producing fresh
water from multiple types of raw water different in osmotic
pressure such as sewage and seawater.

MEANINGS OF SYMBOLS

[0080]

1: pretreatment apparatus
2: first semipermeable treatment apparatus
3: second semipermeable treatment apparatus
4: concentrated water piping of first semipermeable
membrane treatment apparatus
5: water (B) undergoing treatment supply piping
6: concentrated water piping of second semiper-
meable membrane treatment apparatus
7: storage tank (A)
8: storage tank (B)
9: concentrated water supply piping downstream of
first semipermeable membrane treatment apparatus
10: concentrated water supply means downstream
of first semipermeable membrane treatment appa-
ratus
11: concentrated water flow meter downstream of
first semipermeable membrane treatment apparatus
12: Water (B) undergoing treatment supply means
13: Water (B) undergoing treatment flow meter
14: pretreatment apparatus
15: water (B) undergoing treatment discharge piping
16: discharged water (B) undergoing treatment sup-
ply means
17: unloaded water (B) undergoing treatment flow
meter
18: storage tank (C)
19: mixed water supply piping
20: mixed water supply means
21: mixed water flow meter
22: stirring means
23: intra-pipe stirring device
24: baffle boards

Claims

1. A fresh water generator provided at least with a treat-
ment process (A) for producing fresh water by treat-
ing water (A) undergoing treatment by a first semi-
permeable membrane treatment apparatus and a
treatment process (B) for mixing the concentrated
water outflowing from the aforementioned first sem-
ipermeable membrane treatment apparatus with
separately supplied water (B) undergoing treatment
and treating the mixed water by a second semiper-
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meable membrane treatment apparatus, for produc-
ing fresh water, wherein a storage tank (A) and a
storage tank (B) are provided respectively for storing
the aforementioned concentrated water outflowing
from the aforementioned first semipermeable mem-
brane treatment apparatus and the aforementioned
water (B) undergoing treatment before they are
joined; and means for controlling the flow rates of
the aforementioned concentrated water (A) and the
aforementioned water (B) undergoing treatment
supplied from the storage tanks (A) and (B) are fur-
ther provided.

2. A fresh water generator, according to claim 1, where-
in the osmotic pressure of the aforementioned water
(A) undergoing treatment is equal to or lower than
the osmotic pressure of the aforementioned water
(B) undergoing treatment.

3. A fresh water generator, according to claim 1 or 2,
wherein a pretreatment apparatus is provided on the
upstream side of the aforementioned storage tank
(B).

4. A fresh water generator, according to any one of
claims 1 through 3, wherein a storage tank (C) for
storing the aforementioned concentrated water and
the aforementioned water (B) undergoing treatment
is provided, and a means for controlling the flow rate
of the mixed water supplied from the aforementioned
storage tank (C) to the aforementioned second sem-
ipermeable membrane treatment apparatus is fur-
ther provided.

5. A fresh water generator, according to any one of
claims 1 through 4, wherein a means for mixing the
aforementioned concentrated water and the afore-
mentioned water (B) undergoing treatment is provid-
ed.

6. A fresh water generator, according to any one of
claims 1 through 5, wherein the osmotic pressure of
the aforementioned concentrated water is equal to
or lower than the osmotic pressure of the aforemen-
tioned water (B) undergoing treatment.

7. A fresh water generator, according to any one of
claims 1 through 6, wherein one type or more select-
ed from electromagnetic opening-closing valves ca-
pable of controlling the openings thereof for flow con-
trol, inverter-controlled opening-closing valves ca-
pable of controlling the openings thereof for flow con-
trol, and pumps capable of inverter-controlling the
feed rates thereof for flow control are respectively
provided halfway on the feed pipings of the afore-
mentioned concentrated water and the aforemen-
tioned water (B) undergoing treatment as means for
controlling the feed rates of the concentrated water

and the water (B) undergoing treatment supplied
from the storage tanks (A) and (B).

8. A fresh water generator, according to claim 7, where-
in pumps and/or opening-closing valves are provid-
ed halfway on the feed pipings of the aforementioned
concentrated water and the aforementioned water
(B) undergoing treatment.

9. A fresh water generator, according to any one of
claims 6 though 8, wherein one or more selected
from the aforementioned storage tank (C) provided
with a stirring means, an intra-pipe stirring device
and a stirring means provided with baffle boards are
provided as means for mixing the aforementioned
concentrated water and the aforementioned water
(B) undergoing treatment.
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